Abstract
39
One of the most interesting metals is copper. This transition metal has biological 40 activity as anti-inflammatory, anti-proliferative, and biocidal agent, and present some 41 radioisotopes useful for nuclear imaging and radiotherapy [3] . On the other hand,
42
copper organometallic complexes can be used to deliver copper ions or radionuclides to anti-cancer and anti-proliferative agent [3, 5, 6] .
50
In order to apply copper nanoparticles for biomedical applications it is necessary to 51 encapsulate them in order to protect the metal until it arrives to the desired zone, to 52 avoid the damage in healthy cells owing to their cytotoxicity. Since lipids are well 53 tolerated by human body and have low toxicity, they are adequate carriers for the 54 encapsulation of metal nanoparticles. Besides, they present advantages over other 55 colloidal carriers in terms of active compound stability and protection, being possible to 56 be administered in inhalable, transdermal, intravenous or oral form [7] .
57
Conventional methods for producing lipid microparticles are microemulsions or double 58 emulsions followed by spray drying or spray chilling [8, 9] can be seen in figure 1.
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(FIGURE 1)
113
Some experiments were performed previously to fix the pressure conditions in the pre- 100nm, as shown in Figure 1S .
166
Main experimental results are summarized in table 1.
167
( is close to the melting point of the processed material, the lipid in this case.
181
(FIGURE 2)
182
Concerning particle morphology, it is important to observe that the temperature does not are almost identical, meaning that particle formation is almost unaffected by 188 temperature in this experimental conditions due to a counter balance of its influence in 189 the viscosity and cooling rate of the molten, previously discussed.
(FIGURE 3)

191
In conclusion, in the studied range conditions, temperature has not effect in the final 192 product morphology and size but it has an obvious effect in the encapsulation. In the 193 experiment 2 at 60 ºC, encapsulation efficiency is higher than in experiment 3 at 80 ºC.
194
For these reasons, the experiments were performed with the lower values of pressure and temperature (60 ºC and 10 MPa), at these conditions, the solubility of carbon 196 dioxide in the lipid is 0.23 g CO 2 /g lipid. correspond with a theoretical load from 0.2 to 5%. As it can be seen in figure 5 In numerous processes, it is possible to obtain nanoparticles in aqueous suspension.
237
Thus, trying to reduce separation steps necessaries to obtain solid nanoparticles. PGSS® 238 process has been proved with different amounts of water to study the effect in the 239 dispersion and micronization processes.
240
Water content was varied from 0 to 40% to determine its effect in process performance carried out at 0.2% copper load is also presented, and in general the same trend is 247 observed, although as commented before due to the small amount present they maybe 248 not fully representative.
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(FIGURE 6)
250
Similarly, particle size behavior does not present differences regarding water addition to 251 the initial mixture as it can be seen in table 1.
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(FIGURE 7)
253
Regarding particle morphology, water presence makes flaked particles to be more 254 compact as it can be seen comparing figure 8 with figure 2. Probably due to the longer 255 time required for particle surface solidification that promote the amalgamation of flakes.
256
(FIGURE 8)
257
Finally, through thermogravimetric analysis it is possible to know that the amount of 258 water in the final encapsulate product is below 0.7% for the experiments with the higher 259 amount of water. This is a good result since it indicates that almost all the water is 260 eliminated in expansion process. 
Conclusions
263
This work is a preliminary study proving that metal nanoparticles can be successfully 264 incorporated in lipid microparticles by PGSS ® process. This is a one-step green process 265 that involves the use of carbon dioxide as unique external agent to generate the particles 266 in the micrometric range from a molten mixture.
267
In the tested range of operating conditions (P = 10 MPa and T = 60-80ºC), it has been 268 concluded that the main process parameter is copper content (%). When copper load is 269 augmented the encapsulation efficiency increases without an important influence in 270 particle size, although the metal nanoparticles, which are in general uniformly 271 distributed in the lipid, tends to form small agglomerates.
272
Since metal nanoparticles can be produced as aqueous suspensions, the effect of water and red-copper): A-0.2% Cu, T = 60 °C , P = 10 MPa, initial water content = 0%, B-5% Cu, 395 T=60 °C, P= 10 MPa, initial water content = 0%, C-5% Cu, T=60 ºC, P= 10 MPa, initial water 396 content = 40% and D-5% Cu, T=80 ºC, P= 10 MPa, initial water content = 0 397 
